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Abstract
Objective—To observe whether there are
any injuries to muscle and deleterious
eVects on the liver and kidneys during
training and after competition in Thai
boxers.
Methods—Serum levels of intracellular
enzymes and specific markers in the urine
were measured during training and after
fighting in Thai boxers.
Results—During the training period, the
activities of muscle enzymes were signifi-
cantly increased whereas those of the liver
enzymes and creatinine clearance were
not changed. After a match, on the other
hand, both liver and muscle enzyme
activities were elevated but renal function
was decreased.
Conclusions—The training protocol for
Thai boxers has virtually no deleterious
eVect on liver and renal function, but
damage to skeletal muscle cells may occur.
However, competition may cause muscle
injury without any obvious damage to the
liver and kidneys.
(Br J Sports Med 1998;32:304–308)
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It is well established that deliberate or acciden-
tal trauma to tissues can lead to abnormal
enzyme activity in the plasma. Physical exer-
cise, particularly if strenuous or prolonged, has
been shown to aVect enzyme activities.1 Several
studies have looked at the changes in urine and
serum enzyme concentrations after exercise
and sports activity. For example, after ultra
long distance running, the activities of plasma
aspartate and alanine aminotransferases (AST
and ALT) were found to be elevated up to
5-fold and 3-fold respectively,2 and increases in
serum creatine kinase (CK) and lactate dehy-
drogenase (LDH) activities have been found
after muscular exertion.3 4 After moderate and
high intensity exercise, a decrease in urine vol-
ume and marked reductions in renal plasma
flow and filtration rate have also been
reported.5 6 If the exercise is severe enough, it
may be accompanied by haematuria and/or
albuminuria indicating exercise induced
renovasoconstriction.7 8

Thai boxing, which is a national sport in
Thailand and is enjoying international popu-
larity, is considered to be a heavy contact game.
During a match, all parts of the body may be
used in attack and defence in the form of butt-

ing, hitting with the elbow, punching, kicking,
knee throwing, tripping, etc. Injuries may also
occur during the training period since the pro-
tocols also include dual fighting with either
trainers or companions. Consequently, the risk
of injury in Thai boxing is probably higher than
in other sports. In an eVort to reduce the inju-
ries inherent in boxing, previous studies have
focused attention mainly on neurological
damage.9 10 Besides the problem of brain
trauma, damage to other organs also requires
consideration. In this study, injuries to liver,
muscle and kidney during training and after
competition in Thai boxers were evaluated by
determining serum enzyme activities and urine
excretion of specific markers to assess the
function of these organs.

Methods
SUBJECTS

Twenty male adolescents aged 14 to 17 years
were enrolled in the study. The subjects were
divided into two groups: controls and boxers.
The control subjects consisted of ten sedentary
youths who did not play any sports regularly;
the boxers were ten young professional Thai
boxers, from the Sor-Phloenchit boxing stable,
who had competed in boxing matches for at
least two years, with the frequency of fights
ranging from 10 to 12 per year. Only boxers
who had not competed for three weeks were
included in the study. None of the participants
had any indication of musculoskeletal disor-
ders or abnormality of liver or renal function.
Written informed consent consistent with the
Mahidol University policy for the protection of
human subjects was obtained from all volun-
teers.

PHYSICAL CHARACTERISTICS AND PERFORMANCE

TEST

After the personal background, general health
status, medical history, daily activity, and box-
ing history of each subject had been recorded,
vital signs at rest, body weight and height, and
percentage body fat using Siri’s methods11 were
measured in all subjects. Isometric muscle
strength of the hand and leg were determined
by using a hand grip and leg dynamometer.
Maximum oxygen uptake of each subject was
obtained by a direct gas analysis procedure.
Briefly, the subject exercised on a bicycle
ergometer equipped with an electromagnetic
brake (Excalibur Sport, Lode, The Nether-
lands) using a progressive-load exercise test
protocol. The work load was increased in a
stepwise manner at 30 W every two minutes
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until the subject was exhausted or could no
longer maintain pedalling at 55 rpm. Respira-
tory and gas exchange parameters were
measured every minute using a Grass Poly-
graph (model 7; Grass Inc., Quincy, USA), a
parametric O2 analyser (Beckman OM-11;
Beckman Instruments, Fullerton, CA, USA),
and an infrared CO2 analyser (Beckman LB-2).

BLOOD AND URINE SAMPLES

Blood samples were withdrawn by venipunc-
ture from the antecubital vein of the boxers
before and after intensive training and 12 hours
after a match. Twenty four hour urine speci-
mens were obtained in the same period as the
blood samples. Fresh void urine was collected
within 90 minutes of a match.

The blood was allowed to clot at room tem-
perature and centrifuged for 10 minutes to
obtain serum. Serum AST and ALT activities
were determined by the enzymic rate
method12 13, albumin by the timed endpoint
method,14 and creatinine by the modified JaVe
method15 as adapted for the autoanalyser by
Synchron CX systems (Beckman Instru-
ments). Creative Kinase (CK) and CK-MB
activity were measured by determining the
rate of increase in NADPH16 and the immuno-
inhibition method17 respectively, using Granut-
est kits (E Merck, Darmstadt, Germany).
LDH activity was determined by measuring
NADH consumption using the reagent kits

from Sigma (St Louis, MO, USA). Physical
properties of fresh void and 24 hour urine
samples were determined for haemoglobinuria,
myoglobinuria,18 and haematuria. Total protein
concentration was quantified by the method of
Coomassie brilliant blue dye binding.19 Micro-
albumin was measured by the immunoturbidi-
metric method20 using a commercial kit (Miles,
United Kingdom).

In the sedentary controls, all physical fitness
tests and sample collections were the same as
for the boxers, but they were not involved in
competition and did not perform any sports
activities or physical exertion for at least one
week before and during the experimental
period.

DATA ANALYSIS

Statistical evaluation of significant diVerence
within the group of Thai boxers was performed
by Student’s paired t test, and between group
diVerences were calculated by one way analysis
of variance using the SPSS for Windows
program. A diVerence was considered signifi-
cant at a statistical probability of less than 0.05.

Results
Table 1 shows the general physical characteris-
tics of the subjects. The subjects in the two
groups were in the same age range. However,
body weight, height, percentage of body fat,
and lean body mass of the sedentary controls
were significantly higher than those of the box-
ers. When body weight was taken into account,
percentage of lean body mass of the boxers was
significantly higher than that of the controls.
The physical characteristics of the boxers were
not changed after intensive training. Also
shown in table 1 is the physical fitness of the
boxers during the period of normal and inten-
sive training compared with that of the
controls. The grip strength of the controls was
significantly higher than that of the boxers dur-
ing the normal training period. Although the
grip strength of the boxers tended to increase
after intensive training, a significant diVerence
was not found. On the other hand, maximum
oxygen uptake and leg strength of the boxers
were higher than those of the controls, and fur-
ther increments in both parameters were
observed after intensive training.

It is evident from figs 1 and 2 that, even dur-
ing the period of normal training, serum AST,
ALT, CK, CK-MB, and LDH activities of the
boxers were significantly higher than those of
the controls. Figure 1 shows that intensive

Table 1 Physical data for the subjects (10 sedentary controls and 10 boxers). Values represent mean (SEM)

Controls (SD)

Boxers ANOVA (p value)

Paired t test NT v ITNormal training (NT) Intensive training (IT) SD v NT SD v IT

Age (years) 15.4 (0.2) 15.5 (0.5) NS NS —
Height (cm) 161.8 (1.7) 149.9 (2.0) <0.05 <0.05 —
Weight (kg) 52.0 (2.3) 40.0 (2.1) 40.8 (1.9) <0.05 <0.05 NS
Body fat (%) 15.2 (1.7) 8.6 (0.6) 8.5 (0.3) <0.05 <0.05 NS
Lean body mass (kg) 43.8 (1.1) 36.5 (1.8) 37.3 (1.7) <0.05 <0.05 NS
Lean body mass (% of body weight) 84.8 (1.7) 91.5 (0.6) 91.5 (0.3) <0.05 <0.05 NS
Grip strength (% of body weight) 75.2 (2.6) 54.9 (1.7) 58.8 (1.7) <0.05 NS NS
Leg strength (% of body weight) 318.1 (15.3) 347.5 (26.7) 389.0 (65.4) NS <0.05 <0.05
VO2 MAX (ml/kg/min) 40.2 (1.0) 47.8 (0.9) 50.1 (0.8) <0.05 <0.05 <0.01

ANOVA, analysis of variance; NS, not significant.

Figure 1 Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
activities in controls and boxers during the period of normal training (NT), intensive
training (IT), and after a fight. Values are means with error bars showing SEM. *p<0.05
compared with the control group; †p<0.05 compared with the period of normal training;
‡p<0.05 compared with the period of intensive training.
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training had no eVect on the activities of serum
AST and ALT, but increases in both amino-
transferases were found after a boxing match.
When compared with the control group, AST
and ALT activities of the boxers after a fight
were 2–2.5-fold higher. Figure 2 shows notable
diVerences in the mean activities of CK,
CK-MB, and LDH between the controls and
boxers at all periods, except LDH after a fight.
The activities of CK and LDH after intensive
training and that of CK after a fight were
greatly increased. As shown in table 2, the level
of serum albumin of the boxers during normal
and intensive training was significantly lower
than that of the control group. However, this
value was greatly increased after a fight and was
then not significantly diVerent from that of the
controls.

Table 2 shows the mean values for creatinine
concentration in serum and urine samples,
packed cell volume, and creatinine clearance.
Serum creatinine and packed cell volume in the
two groups were comparable, and training in
the boxers had virtually no eVect on these
parameters. However, urine creatinine in the
boxers was considerably lower after a match
leading to a significant decrease in creatinine
clearance. The physical properties of all the
urine samples were normal. Neither haema-
turia nor proteinuria was found. Thus urinary
excretion of total protein or microalbumin in
the boxers before and after competition was

not changed and was not diVerent from the
control subjects (table 2).

Discussion
In this study, the age of the subjects in the two
groups was similar, but body weight, height,
lean body mass, and percentage body fat of the
sedentary subjects were higher than those of
the boxers. It is important to note that most of
the Thai boxers in this study came from low
socioeconomic backgrounds and their initial
nutritional condition was poor. Although once
in the training stable their nutrition was greatly
improved, the period of replenishment may not
have been long enough to restore their physical
characteristics to normal or they had already
reached puberty. Moreover, they trained regu-
larly and intensively. This may explain why the
boxers in this study are smaller than the seden-
tary controls of the same age.

Although the Thai boxers were anthropo-
metrically inferior to the control subjects, their
overall physical fitness was evidently better.
This is not surprising since it is known that
physical training, if suYcient, will improve
fitness and performance.21 Noteworthy is the
finding that the grip strength of the boxers was
significantly less than that of the sedentary
controls. This diVerence may be partly ac-
counted for by body size, and hence lean body
mass, and training. The usual training protocol
for Thai boxers is aimed at improving strength,
balance, endurance, and agility of the arm,
trunk, and lower extremities and is not aimed
at improving hand grip strength. The training
puts more emphasis on the strength of the legs,
which is reasonable since kicking and kneeing
are predominant oVensive strategies in Thai
boxing. On the other hand, there is no training
for hand grip strength because fists are rarely
used during a fight, and gripping is not an
important action in a sport in which boxing
gloves are worn.

It is well known that LDH, AST, and CK
and its isoenzymes are present in skeletal mus-
cle, liver and red blood cells.22 In this study, the
higher activities of these muscle enzymes in the
boxers than in the sedentary controls could be
accounted for by the training eVect. After
intensive training, serum LDH and CK activi-
ties of the boxers were further elevated to
almost 2-fold and more than 3-fold the respec-
tive values in the sedentary controls. However,
the concentration of CK-MB remained un-
changed, and, after a boxing match, these mus-
cle enzyme activities were not further in-
creased. These data indicate that some skeletal
muscle cell damage may have occurred during
prefight training. This is not surprising since
the training protocol during this period in-
volves strenuous and prolonged target hitting
with feet, knees, and elbows and dual fights
with either trainers or other boxers in the same
stable. All of these practices produce a high risk
of injury. Indeed, accidental injury to various
parts of the body during training occurred
occasionally. There may be several factors
responsible for the changes in serum enzyme
activities during training, such as changes in
muscle membrane permeability,23 possibly as

Figure 2 Creatine kinase (CK), CK-MB, and lactate dehydrogenase (LDH) activities in
controls and boxers during the period of normal training (NT), intensive training (IT), and
after a fight. Values are means with error bars showing SEM. *p<0.05 compared with the
control group; †p<0.05 compared with the period of normal training.
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Table 2 Blood and urine data, and creatinine clearance of boxers and controls. Values
represent mean (SEM)

Parameter Controls

Boxers

Normal
training

Intensive
training After match

Packed cell volume (%) 45.8 (0.7) 43.9 (1.0) 42.8 (0.8) 42.8 (1.5)
Serum albumin (g/l) 44.9 (1.0) 40.8 (0.7)* 41.0 (1.1)* 45.4 (0.9)†
Protein urea (mg/day) 43.8 (9.1) — 29.6 (3.1) 32.4 (10.6)
Microalbuminuria (mg/day) 3.9 (0.8) — 4.8 (0.9) 2.4 (0.9)
Serum creatinine (µmol/l) 87.4 (2.2) 89.8 (3.8) 88.9 (4.5) 86.1 (3.2)
Urine creatinine (mmol/day) 9.3 (0.3) 7.6 (0.4) 7.2 (0.4)* 4.8 (0.8)*†
Creatinine clearance (ml/min) 84.1 (4.6) 87.5 (6.5) 78.5 (3.7) 54.7 (9.6)*†

*p<0.05 compared with the control group.
†p<0.05 compared with other periods of the boxer group.
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the result of muscle glycogen depletion24 or
lipid peroxidation of cell membrane,25 26 cellu-
lar damage induced by mechanical processes,27

haemodilution, or haemoconcentration.28 29 It
is unlikely that the high concentrations of
circulating muscle enzymes of the boxers in
this study are due to haemoconcentration since
the packed cell volume of the boxers was no
diVerent from that of the sedentary controls. In
fact, there was a tendency for it to be
lower—that is, haemodilution. Moreover, after
a match the packed cell volume of the boxers
was virtually not altered, indicating no changes
in plasma volume. The increases in serum
enzyme activities were therefore probably due
to mechanical damage to the muscle cells,
membrane lipid peroxidation resulting from
the increased rate of oxygen consumption, or
muscle glycogen depletion. In this study, serum
ALT and AST activities were used as indicators
of liver injury. Although these markers may not
be specific to the liver, the activities of these
enzymes in the blood have been used to evalu-
ate hepatocellular damage in previous
studies.22 30 It has been shown that some well
trained runners have ALT activities 20% above
the upper limit of normal.30 The activities of
ALT and AST of the Thai boxers were signifi-
cantly higher than those of the sedentary
controls. This may be attributed to the training
eVect. Further increases in these enzymes after
competition suggest that damage to the liver
may have occurred. However, since AST is also
present in skeletal muscle31 and LDH activity
showed no change after competition, it is more
likely that muscle injury, rather than liver cell
damage, accounts for the increase in AST. To
ascertain whether Thai boxing matches cause
hepatocyte damage requires further study
using more specific markers such as glutath-
ione S-transferase or cholinesterase.

To evaluate kidney function, urinalysis,
including total protein, microalbumin, creati-
nine excretion, glomerular filtration rate esti-
mated from creatinine clearance, physical
properties of urine, haematuria, and myoglob-
inuria, was carried out. None of these para-
meters, except urine creatinine content during
the prefight period, in the boxers were different
from those in the sedentary controls (table 2).
It is known that creatinine is mainly derived
from muscle. The lower urine creatinine
content in the boxers than the controls may be
explained by the fact that the former were
smaller and had less muscle or lean body mass.
After competition there were no detectable
changes in the urinary parameters studied,
including haemoglobinuria, myoglobinuria,
proteinuria, and haematuria. However, urine
creatinine content and creatinine clearance
were further decreased. Since creatinine clear-
ance is an estimate of glomerular filtration rate,
the results indicate that this function of the
kidneys is decreased after a match. Changes in
renal haemodynamics—for example, reduction
in renal blood flow—may be responsible for the
decrease in glomerular filtration rate. It is
known that blood flow can be reduced by
increases in sympathetic nervous activity,
increased secretion of adrenaline and nor-

adrenaline by adrenal glands, and increased
plasma concentrations of angiotensin.32 These
changes occur during exercise and fighting.33 In
addition, direct physical injury to the kidneys
or the lower urinary tract may be another cause
of changes in renal function.34 35

The failure to detect haematuria in the Thai
boxers after a match cannot be due to the dilu-
tion eVect of a large urine volume because it
was microscopically observed in the sediment
after centrifugation. Furthermore, as most
urine samples were hypertonic to plasma, it is
unlikely that lysis of red blood cells occurred.
The data therefore suggest that the deleterious
eVect of Thai boxing is insuYcient to cause
either massive renal haemodynamic changes
leading to increases in glomerular filtration of
erythrocytes or physical injury resulting in
bleeding in the lower urinary tract as previously
reported for other sports.7 34 36

In conclusion, the training protocol for Thai
boxers has virtually no deleterious eVects on
liver and renal function, but skeletal muscle cell
damage is implicated. However, Thai boxing
competition may cause muscle injuries without
any obvious damage to the liver and kidneys.
Nevertheless, both boxers and coaches should
be aware of the possibility of injury, and appro-
priate coaching and training techniques that
emphasise defensive strategies should be used
to provide maximum protection of the vital
organs. In addition, the use of protective pads
that cover these essential organs, thorough
medical examination, and the intake of ad-
equate nutritional supplements such as essen-
tial water soluble vitamins and proteins is
advised.
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